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Commissioner for Patents 
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Dear Sir: 



I, J. Christopher Grimaldi, declare and say as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, 1 personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can Occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to : 
each other chromosome resulting in a chimeric chromosome. which displays a different expression 
pattern relative to the parent chromosomes, Amplification of certain genes such as Her2/Neu 
[Singleton et aL, Patftol. Annu.,- 27Ptl:16S-190], or chromosomal translocations such as t(5;14) 
[Grimaldi et iji.BJoad, 73(8):208 1-2085(1989); Meeker: et qL t Blood . 76(2):285-289(1990)] , g^ve , 
cancer cells a growth or survival advantage relative to normai cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

.5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed It is unlikely lhat one identifies increased mRNA expression without associated 
increasedprotein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so Widely used The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician.. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product 

7; I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that 1 these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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Chnstobher Grimaldi 
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EDUCATION University of California, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 
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Genentech Inc., South San Francisco; 1/99 to present 



Previously, was.responsible _to direa and the Cloning Lab. Currently focused on. 

(STOP) projects for the Oncology Department as well as Immunologically relevant feeneT for th, 
^ZSt^VT 111 - ^-ted a lab of 6 scientists f"on SpS^L^S 
to identify and isolate secreted proteins for potential therapeutic use (SPDD Forthe SPDI ™Lt 
ly duties were, amone other thin** th* <-nZ*n„ s„ SPDI project 



ZS^7 0Bg other ^gs. the critically important coordination of the cloningof 
Aousands of putative genes, by developing a smooth process of communication between L 
£1™°"^?' a0D i & ^^g. andLegalteaml CollalwratedwimsTv^Sto 
discovernovel genes through the Curagen project, a uiuque differential displa^memSo^ 
hteracted extensively with the Legal team providing Sntial data n^S fSsrZnfon 
uovel genes discovered through the SPDI, TAP and Curagen projects^ SpS Hone! 
fomented and patented high throughput cloning memodologies thai ffiS^tol?** 
essential for the isolation of hundreds of novel genes for the SPDI, TAPand E 
well as dozens of other smaller projects. murage 
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Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

S^f^ projects^d-at taderstanding novel genes discovered through 

dSES^SSSi"^ ti ° • 31 8SSayS - DeVeloped 311(1 P atented * for &e specific 

depletion of eosinophils m vivo usmg monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in thearS oTe^ol 

*»«■» Secular biology, and monoclonal antibod^prXtion 
Trained and supervised numerous technical staff. piuuuuaon. 



Facilities 

Manager Corixa, Redwood City; 5/89 - 7/91. 

Directed plant-related activities, which included expansion planning, maintenance safety 

P Z^2t "ST T* 01 Shipping "* **** and.laborato^ management Digued 
and implemented the safety program. Also served as liaison to reguktory agencies at Seal 

SoS 5*^ kVeL W " m Charge ° f Pr ° pert y leases > leaseholEpSveSL et 
Negotiated vendor contracts and directed the purchasing department Trained and supervised 
personnel to carry out the above-mentioned duties. supervised 
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SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

^Sw! f Snbunit P0rcine vaccine a S ainst Mycoplasma hyopneumoniae. Was 

rc^onsAle for generating genomic libraries, screening with degeneri oHgonucIe^dl and 
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assessment" Genome Res. Vol 13(10), 2265-2270, 2003 
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Peale, Apama Draksharapu, David A Lewin, and Mary E. GerrS 4neBxpSS 
SS?S? 0^ Angiogenesis." American Journal of Pamology'wT^, 
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nS ^ \ 2 * * H ° Ward MC ' depletion of eosinophils in 

mice through the use of antibodies specific for C-C chemokine receptor 3 fCCR3? Jom™i «f 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 ™« receptor (CCR3). Journal of 
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ganMnaRTJB relays a dommant negative signal to B cells." Hybridoma Vol. 18(2), 113-9, 
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Current Protocols in Molecular Biology, Supplement 5, Winter 1989 
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The t(5jl4) Chromosomal translocation in a Case of Acute Lymphocytic 
leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be Important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-flneage acute lymphocydc leukemto (AIL) 
that was associated with peripheral blood eostnophDIa. The. 
chromosomal translocation t(5,14) (q31 :q32) from tide 
^OTffiptovrardoned and sluillad-orthe motecalar tevefc This 

^TARYOTYPIC STUDIES of leukemia and lymphoma 
jBY have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Rfl 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA IN) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
band* are Indicated by arrows. Sample L exhibits a single rear- 
ranged band with both «fod W/£cORI and SauSA restriction 
digests. The rearranged bands are less Intense than the other 
bands because the majority of cells In the sample represent normal 
bone marrow elements. 



translocation Joined the Immunoglobulin heavy chain Join- 
ing (Jh) region to the promotor region of the interteukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the Immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophil.* 
f$8&bpGnma & S tr stto nrbw 

protooncogeues, such as c*myc and W-2L U In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acuttf lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinopmlia in the peripheral blood, and a t(5;14)(q31^32) 
chromosomal translocation.** This syndrome probably 
occurs in <\% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

S ample and ON A blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophils (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 1 Briefly, 
10 jig of high molecular weight (mo! wt) DNA were digested using 
^appropriate restriction enzyme and electrppheresed on a 0.8% 
Tagaibse^L The gel was stained \gth ethidium bromide, plioto- 
graphed, denatured, neutralized, ajKUransferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 1 

Genomic library. The genomic library was made using pub- 
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Ushed methods/ Approximately 100 n of high mot wt genomic 
DNA woe partially digested with the SauSA restriction enzyme! 
Fragment from 9 to 23 Mobase. W in size were tohwT. 
^ero^ gradient and ligated into phage BMBL3A (Strategy San 

pSus^S 1 Pha8e ™ ***** ~* as 

x J ,?^H eqttM f S ' FrE 8 menU for wqwncag were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
CU** I State. Biochemical. Cleveland).* AO sequence 
data were derived from both strands. ^ ^ 

RESULTS " 
We studied a bone marrow sample from a patient with 
ALL and associated peripheral eoslnophilia. Karyotypic 
analysts showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL.** 
The leukemic cells were analyzed for cell surface pbenotype 
by immunofluorecence. They were positive for Bl (CD20) 
W (CDI9). cALLA (CD10). HLA-DR, and tenninai 
deoxynucleotidyi transferase (Tdt), but negative for surface 
immunoglobulia This phenotypic profile describes an imma- 
toe cell from the B-lymphocytic lineage.' 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
BeoRS, Hlndm, Ssa, Son3A, and EcoRI plus HindOl 
.rotaction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in' the germlme configura- 
tion. • v 

We hypothesized that the t(5;14)(q3I;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
gtobulin ft region on chromosome 14. Therefore, a K enom£ 
library was made from the leukemic sampled S 

and screened for the presence of the rearranged Sarti 
fragment that was detected by DNA bkrtting. By 
analysis, five clones appeared to represent thcrearranS 
ajele identified by DNA blots. One tn^ cIones^cSS 
4) was chosen for further study and a detailed restriction 

fragments from done no. 4 that hybridized to the human Jh 
probe identical in size to the rearranged fragment 

fromtite Jeukemia sample, confrmin* that clone n™" 
represented the rearranged leukemic allele. 

Phage clone no, 4 contained 3.7 kb of unknown oririn 
joined to the IgH gene in the region of Jh4 (Fig 2). The iSl 
gene f rom Jh4 to the Cmu region appeared to be in gcmJSc 
configuration. Previously, the gene encoding hematopoietic**" 
growth factor IL-3 had been mapped to^ro^e^lS 

JSS^^^"^™. ^ 4 part rfthh 

gene. u When the restriction map of human IL-3 and done 

no; 4 were compared, they were identical for more than 3 kb 
(rig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
SSrrr m b / " UcIdc acid sequencing of the subdoned 
BstWlHpal fragment (Fig 2). The sequence of this frag- 
ment showed ao disruption of the protein coding region or tho 
= gcr RNA of the IL-3 gen( , ^ bre^thXs^ 
occurred in die promotor region, 452 baie pain, (bp) 
upstream of the transcriptional start site (position 64. Fig 
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3 AO- The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transcrip- 
the Jh4 region. Between the two breaks, 25 bp of uncertain tional orientation. 1 * Using this information and assuming a 
origin (putative N sequence) were inserted. 13 * 14 No sequences simple translocation event in our sample, we can conclude 
homologous to the immunoglobulin heptamer and nonamer that the IL-3 gene is normally more centromeric, and the 
could be identified in the IL-3 sequence (Fig 3B). Therefore, GM-CSF gene, more telomeric on chromosome 5q (Fig 4). 
nucleic add sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 
TL-3 gene and the IgH gene. The sequence data deafly the centromere, 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). DISCUSSION 

Available, data a_lso_ avowed us to determine the n orma l ; Jto this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation . transIocation"tEa~t "appearslobe a consisfenf Teaturerof a rare, 

to the centromere of chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 

known to be positioned with the variable regions toward the tkn joined the promoter of the IL-3 gene to the IgH gene, 

telomere on chromosome 14q.*" It has also been shown that Except for tie altered promoter, the IL-3 gene appeared 
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5 1 GGTG&CGAG0GTOCCC£G&^ oa 
3 ' CCACTGGTCQ^^ 80 

9 ********* # ^ ^^ 

5 " GTAGTCCAGCTGATGGCAGATGAGATCCCACTCGGCAG6AGGCCTCA nAa 
3 f CATCAGGTCC^TACCGTCl!ACTCT^ Z4B 

5 • GGGGTCCTCTCACCTGCTGCCAOXK:^ 

3 'ccccaggagagtggacgacgotacgaagggtagagact^^ 32B 

„ . . . ********* m 

5 'tttctogtttcactgatcttgagtactagaaagtcatc . aa 
3 1 aaagaacaaagtgactagaact<^tgatctttcagtacctacttattaatgcagac 4BB 

5 •CAGATAAAGAWXTTOCQACGCCTGCCC^ . Qn 

3 'GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGG 480 

S'CCAAAC&g^GCCGCCTGCCCGTC^ r , r 
3 » GGTTTGTACTCGGCGGACGGGCAGGACGAGGACGAGGTTGAGGACCAG 04L 

S'AACGTCCTTCAAGACAAGCTGGGWAAC 3» fi< - ft 
3 1 TTGCAGGAACTTCTGTTCGACCCAATTG S % 0015 

D TnlhA 5 1 TGGCCCCAGTAGTC AAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
D 3 1 ACCGTCCTCATCAG^ITOATC ^^ 

ri *A 5 ' TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCJ^TCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
UA * w * 3 f ACCGGGQTCAECAGTTTCATC ATC^ 

T , * 5 ■ GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGi^ 

3 1 CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATC^ 

Fig 3. Sequence of t(6;14)(q31;q32) breakpoint region. (A) Nucleotide sequence of the BstMfHpal fragment Indicated en Fig 2. 
Nucleotide* 1 to 30 represent the Jh4 coding region underlined on the coding strand.* Nucleotide* 39 to 63 are e putative H region. The 
sequence from position 64 to 668 It that off the germane IL-3 gen*.** The IL-3 TATA box (486). transcription etart (616), and Initiation 
methionine (667) are underlined. Two proposed regulatory sequences In the promoter ere marked by asterisks (positions 182 end 389). (B) 
Comparative sequence of the t(B;14)(q31 ^32) breakpoint region. The JgJh4 region Is shown with its coding region, heptamer, and 
nonamer underlined. Clone no. 4 is shown with putative N region sequences underlined. The IL-3 sequence Is also shown. A plus sign ( +) 
denotes the Identical nucleotide between sequences. No heptamer or nonamer Is identified In the 1-3 sequence. 
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•■KM* Diagram of the translocation. The noroniTdiromosoma 

X^ff^™ 1 wtomatfon shown. On normal chromotoma 

^u^i " *' heait-to-hoad orientation of these gene* 
Symbola are defined In Fig 2. BP. breakpoint position. 

totact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
m enhancer within 2.5 kb of the H^3 gene."-« This leads to 
foe hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene; The same mechanism is 
mtpomnt for activation of the omyc gene in some cases of 
Burfatt s lymphoma." An alternate hypothesis is that the 

^^0^3^^'^^^ 

auScriST • a ^ Vat5<)n ° f thft 1L ' 3 8«* suggests that an 
22 Nft U anp ° rtant for PathoSesis of this 
leukemia." Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regardTtW 
ate date indicating that immature B-lineage^L™ 
and B-Uneage leukemics may express the IL-3 receptor*"* 
An additional feature of this type of leukemia is the 
dramatic eosiaopluTia, consisting of mature forms. It has 
been bypoUiesrzed that the eosinophils do not arise from the 
malignant done, hut are stimulated by the tomor^* 
Because of the known effect of IL-3 on eosinophil differcn'tte. 
^PwaetiDttTaTj^ IcuEcWcel&lrilSh* 
have a role in the eoslnophflia in this type of leukemia.**^ 
in I^^rf^ that ^.^^tta, mechanism that 
^^Ti? ^^^^normaldiffcrentiattoa hasa 
role m this translocation.^ This is supported by the break- 
point location at the 5' end of Jh4 and the presence* 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
m this region on chromosome 5, 'suggesting that additional 
factors also played a role. Further studies will ducidatTtto 
mechanism of this and other translocations. 

globulm enhancer also activates the GM-CSF gene, since 
this gene » probably positioned only 14kbaway(Bg4).^ 
is known to be within the range of eirliancer activation,* The 
biterteukiii* (IL-5) gene maps to chromosome 5o3i ** 
Deregulationof the IL-5 gene by this translocation would act 
synerpsticaBy with IL-3 in the stimulation of eosmopM 
prdtieration and differentiation." These and omerq^S 
will be answered by the study of more patient sample* We 

£?fc TinSTf ^ Cth r ^*M4>tM32) transloca. 
tion is capable of activating multiple lymphokines simnlta- 

totem£ tethW *^ ""P**** m the generation of this 
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RAPED COMMUNICATION 

Activation of the InteFleukin.3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophil 

By Timothy C. Meeker, Dan Hardy, Cheryl Wiflman; Thomas Hogan, and John Abrams 



The t(5i14Kq31;q32) translocation from B-Uneage acute 
tyrophocytle leukemia with eosinophffia has been cloned 
from two leukemia samples. In both, cases, this transloca- 
tion Joined the IgH gene and the lnterleukln-3 gene. In 
.. ono patient excess IL-3 mRMA prnAu^ hy mt 
leukemic cells. In the second patient, serum *V* levels 
wore measured and shown to correlate with cBsease 

A NUMBER OF chromosome translocations have been 
associated whh human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery ox characterization of proto-oocogencs, such as 
, bcL2> c-aW, and o-myc, that nredocated adjacent to the 
transition* It is now widely understood thai cancer- 
associated translocations disrupt nearby froto^ncogenes, 

A distinct subtype of acute leukemia is characterized by 
the triad of B-hneage inimunophenotype, eosinophilic and 
tto t(5;14)(q3J>q32X translation. 3 * 4 Leukemic cells from 
.such patients have been positive for terminal deoxyhucleotidyi 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but. negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukm-3 (H^3) genes 
were joined by this abnormality/ In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report bur study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described. 5 '* 
CiioJcal features or Case 2 have been eescribed in detaiL* DKA 
isolation and Southern blotting was done using previously described 
methods. 5 Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp Banm/JBeoBl genomic IL3 fragment, and an H>3 
cDNA probe. 7 J 

Northern blots. RNA isolation and Northern Wotting have been 
ascribed. Briefly, Northern blots were done by separating 9jtg 
total RNA on 1% agarose-fortnaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Ssi l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600bpA7w I/Hpal IL,5 cDNA probe, and a 500 bp Pst 
l/Nco I g^ubcyte-macrbphage colony stimulating factor (GM- 
CSF) cDN A probe. 1 * 1 * 

Polymerase chain region. Primers were designed with BomJU 



IgH gene (Primer 144:5'.TAGGATCCGACGOTOACCAGGOT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5'-AAC^QOAT<XXXKXTTATATOTGCAG). 
Polymerase chain reaction (PCR) (95°C for I minute, 61*C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmoi of each primer in 100 ttLcontahu^67nunol/L 
Tris-HQ pH 3.8, 6.7 nunol/L MgCl* 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V), 
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activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or sVB 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of m 
chromosom e translocation that-actfvatcs-tho-IU-a oene, 
resuWnu In^utocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 

1 6.6 nunol/L anunomum sulfate, 1 .5 mmol/L each dNTP and Tan 
polymerase (PerkfavEhner, Norwatk, Ciy > 

vecn^"Asparto/th»staoy^ 

U>3prc^otor, covering 598 base paJmftomaSmnlstoatposhtoa 
-1240 (with respect^th^ proposed sitr^ 
toanJ^Iritoatposito-6^ 
wasngtonwNaofcoAiri^ 

RxpresstcamCost cells. A genomic IL-3 fragment &om Case 1 
was cloned into the pXM expression vector ."Briefly, thefl&itaj/ 
Sail fragment containing the ^ gene was subdemed from me 
wwous^ .described phage clone 4 into pUCIS • The X6 kb 
fragment extending from the Shut I rite 61 to upstream c/ the IL-3 
transcription start to tl»S>^ 

the blunted Xho I site of pXM The negative control construct was 
P ™ Ycc ^ rwithQtt * Kasmids were introdnced into Cos7 
cells by dectroporanon, and supernatant was collected after 48 
hours in culture, 

TFlbioassay. TF-1 ceus were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
I^ghitamine l and 1 ng/mL human GM-CSF. 15 Samples andantibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing peniciliin and streptomycin. A 25 nL volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-weIl microttter 
plate. Rat anri-cytoldne monoclonal antibody in a volume of 25 uL 
was added to appropriate weDs and preincubated for 1 hour at 37°G. 
Fifty microliters of twke washed TF-1 cells were added to each well 
.grrin^a final cell ConcemYaticm^ 1 x. W cells per well tibial 
.volume, 100 jtL). The plate was incubated for 48 hours; lie 
remaining cell vkWHy was determined metaboUcally by thecoJori- 
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Breakpoint issuance* for Case 2. The aermnne laJhB recton eetniene* f~~-i j, 



— —-^.-^.^^AOTIt^^ 

.^.J" ^"once* for Cat* 2. The germllne IgJhS region tequtoee (protah eadhv. , 

?y ere underib.d) to on top, the trenriocethm tequom* from C~e 2 ^^^^L^/* 8 * 00 . *g '»«omblni Wtot j danel 

These usayi mod rat monoclonal S,™^ wa » with Hindm 
> ««tttodte (10 W/mL) to coat the wdfcofPVC J™*" fragment wa, detected at ^S! 
The a-3 prpb« also identified a amugrating fraKment^f 

To characterize better the joking of the 11^3 oen« *i» 
imimmogiobulu, heavy dabftS 'm^Z^l 

coSr^l 5 ^^ °f ^ ^^^n clone from Case 2 

We also determined that a putatheN seoueiceaf « If 
inserted betweetf ^ciiCoSe s3*2J^7! 
sequences during the translocation «JS^fES£ 



^oo^^te, Tho captor^ a^ta>o4I» used woe BVT>*$G8> 
JBS1-39D10> and BVD2-23B6* for the IL-3, IL-5, and GM-CSF 
assaya, respectively. Patknt sera were then added (undiluted and 
dflDted 1«2 for 11^3, undiluted for IL-S. and undfltitcd and diluted 
US for GM-CSF). The detecting mnnunoreageats used were either 
inouw anfennn to IL* or mtroiodpphenyi (WHcrivated rat 
incnoctonal antibodies JES1-5A2 and BVD2-21C11. specific for. 
IM andOM^CSF, respectively. Bound antibody was subsequently 
detected with tmrnnnoperoaddnao conjugates: horse radish peroridaaa 
'S t S^^J^ nAmnm Ig ferlL.3, orHRWabetedrat (J4 
MoAb) anttNIP for IL-5 and GM-CSF. Tho chromogenie sub- 
strato was 3«3 # a2ino-ba-beng>Wayollno sulfonate (ABTS; Sigma. St 
Louis, MO). Unknown values were interpolated from standard 
curve* prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). r 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the tffodin restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
5 * 4 kb fob** (data>not shown) . When rc^obed . 
with either of two different IL-3 probes, a rearranged 14 kb 
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highest, the IL-3 level was highest No scrum GM-GSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunorcac- 
twe facto, we confimed that biologicaUy active IL-3 was 
pre^ttt by using the TF-1 hioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, EL-5, or GM-CSR We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL* 
MoAb (BVD3-6G8), but not with Mo Abs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioacfivity in these 
two samples correl at ed very well with the difference in EU3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
eitljer ajrtt-^or anti-G^CSF^as consistent with the 
inability to measure theseTactors by immunoassay .and 

TaWa 1, Peripheral Blood Counts and Growth Factor Levels 
at Different Times In Case 2 



the locations of the two cloned breakpoints in relation to the 
Hr3 gene* The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promcfor structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent crythroleukemic cell line, TF-1. The supernatants* 
derived from transections using the vector phis insert 
supported TF-1 proliferation, while supernatants from trans- 
fectfons using the vector alone were negative in this assay 
(data not shown). Furthermore, the biologic activity could be 
blocked by an antibody to human H>3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make 0^3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature JL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2S kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
I n addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown), 1 * 20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



Peripheral blood counts (cefls/jtU 
WBC 

Lymphoblasts 
Eosfcioph&s 
Serum growth factor levels (pg/mL) 

GM-CSF 
JL-5 



Sample Data 


11/15/83 


1/16/84 


3/14/84 


81.800 


110,600 


12,300 


0 


33,788 


0 


48.626 


73,080 


816 


* <444 


7.895 


1,061 


<18 


<1B 


<1B 


<60 


<50 


<60 



the corresponding growth factor level* quantified by immunoassay. The 
patient received chemotherapy between 1/18/84 and'3/14/84 to lower 
his leukemic burden,* No serum samples were available for a similar 
anafvslaofCasel. ^* 
Abbravtetfon: WBC, white blood calls, 
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The finding of the IL-3 gene adjacent to a 
J-oAM potation breakpoint m£2£ Is^Z 
ttonj. important for oncogenesis. It is our thesfe that^ 

fcufamta.* The excessive EL-3 production that wo W 
documented would be one feature of^S a SSw 
The final proof of oor thesis must await additional data-in 
particular, from the study of additional clinical smnDtoL ft 
w31 be necessary to document that theX?S?2 
present on- the leukemic cell, and that antM^WflI£ 
decrees proliferation of the leukemia in vitro. ™* 
An important aspect of this work is the suggestion of a 

IL-3 can be documented in this disease, attemma to 
*eul*dng IL-3 levels or block £SSSSt£fS 
*. r eceptor may prove useful Because it is also poiahiS2 
5f ^opMia in these patients is medfeted K ^ 

maynmi^c this aspect of tho disease Antihnrti^^ 



W*W<»cfpfoManMto« 
was net datttttf In Aba**** 

SSSJlf "fl"** »wth fatten were not 

detectably circulating in the serum of this patient 

DISCUSSION 

In this report, wo have extended our analysis of acute 
^phocytie leukemia and eosinopbilia associated with the 
*5;14) translocation. In both cases we have studied, we have 
documented the joining of theIL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 5O0 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. ThePCR assay we have developed will 
be useful in the screening of additional clinical samples for 
tins abnormality. . 

The finding of a disrupted EL-3 promoter associated with 
an otherwise normal IL-3 gene implied that this transloca- 

S^i^f to ^^P^ssion °f a *>rmal IL-3 gene 
product In this work, we have, documented that this is true, 
to addrtibn. neither GM-CSF nor SL-5 areVer-«q > re8sed by 
the leukemic cells. Furthermore, in one patient serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 
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c-erbB-2 (HER-21neu) Oncogene 

Timothy P: Singleton and John a StrtcWer 



The c-erbB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et aV» wjho reported that c-eriB-2 DNA amplification in breast carcino-. 
mas correlated with decreased survival in patients with metastasis to axillary 
tymph nodes. Subsequent studies, however, of c-er$3~2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfeB-2 activation, which has not been emphasized in 
recent reviows.^ua mo lecular biology of the c-er«B-2 oncogene has been 
extensively reviewed 37 . 8 ** and will be discussed only briefly here. 



BACKGROUND 



The c-srfeB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neti oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by etoylnitrosurea treatment of fetal ratsA^waThe c- 
eriB-2 was a human gene discovered by its homology to the retroviral gene v- 
eriB.**.* EER-2 was isolated by screening a human genomic DNA library for 
homology with v-erbB * When the DNA sequences were determined subse- 
quently, c-erfcB-2, tf£fl-2, and neu were found to represent the same gene. 
Recently, die c-erfcB-2 oncogene also has been referred to as NGL. 

The c-erbB-2 DNA is located on human chromosome 17q21«-*w» and codes 
for cserfcB-2 mBNA (4.6 kb), which translates <Hrr&B-2 protein (p!85). This 
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protein is a normal component of cytoplasmic membranes. The c-eriB-2 
oncogene is homologous with, but not Identical to, c-erfcB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor receptor, * lDa The o 
er&B-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain,**"* Electron microscopy 
with a polyclonal antibody detects o-erhB-2 immunoreactivitY on cy tnplMmte 
membranes of neoplasms, especially on microvilli and die non-villous outer cell 
membrane. 81 In normal cells, immunohistochemical reactivity for MrBB~2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border; 

There is experimental evidence that 6*rbB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
eriB-2 protein van transform a cell line into a malignant phenotype. 0 Also, ' 
when the neu oncogene cbntafi3^aft activatirifc point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 1 ** In other experi- 
ments; monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a netrtransformed cell line, 8 "* ^.immunization of mico with 
neu protein protects diem from subsequent tumor challenge with the net*- . 
transformed cell line." Some authors have speculated that the use, of antago** 
nists for the unknown ligand could bo useful in future chemotherapy. » Further 
review of this experimental evidence is beyond the scope of this article. 

The activation most likely occurs at an early stage of neoplastic 

development This hypothesis is supported by the presence of oerbB-2 activa- 
tion fn both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-eriB-2 activation 
at multiple sites in the same patient, »iw<W although c-er6B-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor. 07 '®- 107 
Even more rarely, c-eriB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 8 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-erfcB-2activa- 
tkm, but only a few sudi-caaes have been studied.* 1 . ? . 

MECHANISMS OF ACTIVATION 

The most common mechanism of oerbB^2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-erbB-2 mBNA and 
protein. The c-erfcB-2 amplification may stabilize the overproduction of 

mBNA or' protein through unknown mechanisms. Human breast carcinomas 
with c-sr&B-2 amplification contain 2 to 40 times more o-erfcB-2 DNA* S and 4 to 
128 times more c~erbB-2 mBNA"* 80 than found in normal tissue. Most human 
breast carcinomas with csertB-2 amplification have 2 to 15 times more c-er&B-2 
DNA. Tumors with greater amplification tend to have greater overproduc- 
tion- 1T *w The non-mammary neoplasms that have been studied tend to have 
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similar levels of amplification or overproduction relative to the corre- 

sponding normal tissue. 

The second most common mechanism cSoerbh-2 activation is overproduc- 
tion of c-erbB-2 mBNA and protein without amplification of e-*ffcB-2 DNA, n 
The quantities of mBNA and protein usually Die less than those in amplified 

-«»M^d^a^i*«^ 

tissues. iw» The oeriB-2 protein overproduction without mRNA overproduce 
tion or DNA amplification has Been described in a few human breast carcinoma 
cell Hnes>* 

Other rare mechanisms of oerbB-2 activation have been reported. Tkansfo- 
t?atioiis involving tbeoarfeB-3 gene have been described^ a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length pdymgcphisms .or incomplete restriction enzyme digestions 
^ mimic translocations.***^^ 

brane portion of neu has been described in jat neuroblastomas Induced by 
ethylnitrosurea, 9 * 55 The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the call membrane.*** Although there has been specula- 
tion that some of die amplified c-erfcB-2 genes may contain point imitations," 
none Has been detected in primary human neoplasms: 41 * 5 * 81 

TECHNIQUES FOB DETECTING oerbB-2 ACTIVATION 
Detection of CrertB-2 DNA Amplification 

Amplification of DNA is usually detected by DNA dot blot or South- 

ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a o*rfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with -a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a o*rf>B-2 DNA probe. In both tecb- 
niques, oerfrB-2 amplification Is quantified by comparing die intensity (iiea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. * 

Several technical problems may complicate the measurement of c-erbB-2 
DNA amplification. First, die extracted tumor DNA may be excessively de~ 
- graded or diluted by DNA from stromal cells,** Second, the c-erbB-2 DNA 
probe must bo carefully chosen and labeled. For example, oligonucleotide <s 
er probes may not be sensitive enough for measuring a low level of oeriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location ofc- 
to correct for possible alterations in chromosome number; Identical 
results, however, are obtained by using control probes to genes on other chro* 
mosomes,*»'M with rare exception." Studies using control probes to the beta- 
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,„ j, 

globin gen© must be inteipreted with caution, because one allele of this gene is 1 

deleted occasionally Ip breast carcinomas. 1 ]• 

Amplification of c-er&B-fc DNA was assessed by using the polymerase i 

chain reaction (PCR).fa one recent study a Oligoprimers for die c-erfcB-2 gene \ 

and a control gon o are added to the sample's DNA, and PCR is performed. If .1 

Ow sample cantatas mo re copies ofWfeB-2 DNA than of d ie control gene, the 

c-erJB-2 DNA is replicated preferentially. 

Dotoctlono1c^rbB-2mRNA Overproduction < 

Overproduction of e-erfcB-2 mRNA usually is measured by RNA dot blot or I 

Northern blot hybridization. ?oth techniques requite extraction of BNA but I 

otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 1 

<* PCR for detection of c*r*B-a mBNA-hd$been described fa two recent ! 

ab s tracts • «Wa * 

Overproduction of ch5t&B-2 mRNA can bo measured by In aita hybridiza- < 

lioris Sections are mounted on glass slides, treated with protease, hybridized | 

with a radiolabeled probe, washed, treated wid* nuclease to remove unbound * ? 

probe, and developed for autoradiography. Silver grains are seen oaty over ^ 

tumor cells that overproduce oerbB~Z mRNA. Negative control probes are | * 

useARWiw Our experience indicates th^ the^ teebnkjues arenOatively insensi- 1 

tive for detecting c-er&B-Z mBNA overproduction in routinely processed tis* I' 

sue. Although the sensitivity may be increased by modifications that allow. I 

simultaneotudeti^ncf^ § : 

is cumbersome and expensive (unpublished data). § ; 

AH of the above c-effrB-2 mRNA detection techniques have several prob- i ! 

leros that make them more difficult to perform than techniques fer detecting f* 

DNA amplification. One major problem Is the rapid degradation of BNA in f 

tissue that is not immediately frozen or fixed. In addition, during tfco detection V\ 

procedure, RNA can be degraded by BNase; a ubiquitous enzyme, which must |' ; 

bo eliminated meticulously from laboratory solution*. Third, control probes to 1 
genes that are uniformly expressed in the tissue of interest need to be carefully 
selected. ? 
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Detection of c*rbB-2 Protein Overproduction 

The most accurate methods for detecting o-erbB-2 protein overproduction are | i 

the Western blot method and immunoprecipitation. Roth techniques can docu- f 
ment die binding specificity of various antibodies against c-erfcB-2 protein. In 1 
Western blot studies, protein is extracted from the tissue, separated by electro- \ 
phoresis(accordingtosize), transferred to a membrane, and detected by using an- f 
ttbodies to oerbB-2. In immunopreoipitation studies, antibodies against c-ariB- \ 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is ^ 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for~ 
diagnostic pathology. TWo recent abstracts have described an enzyme-linked 
immunosorbent assay (EIJSA) for detection of c-eriB-2 protein. 
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Overproduction of protein is most commonly assessed by various 

imrnraohistochemical techniques. These procedures, often generate conflicting 
results, which are explained at least partially by three factors. First* various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak, bands in addition to the oerfcB-2 
protein baud on Western -H ot or i i m mmopreolpita 

studies should be interpreted With caution.** 3 **** 1 Even some monoclonal anti- 
bodies imraunoprecipitate protein bands in addition to c-erbR-2 (pl85).*u».» 
Second* tissue fixation contributes to variability between studies. Fbr example, 
som* antibodies detect c-eriB-2 protein only in frozen tissue and do. not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity, of 
fmmuuohbtoohemical methods and decreases the number of reactive ceHsA* 
When BoulnVfictfiye is used, jheHS mayjbe xj^e^pcreqntage of positive 
cases," Third, minimal criteria far interpreting hrununolu^tochemteal staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c^rfeB-2 activation in breast 
carcinoma, the number of positive cells and the staining intensity required to 
diagnose c~erf>B-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation ofo-erfeB-2 protein Is not a problem because 
it can be detected hi intact form more than 24 hours after tumor resection . 
without fixation or freezing. 84 



ACTIVATION OF c-erfrB-2 IN BREAST LESIONS 
Incidence of c-erf>B-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-erfcB-2 DNA was found 
iri 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Iable 1), and 
e»er&B-2 mBN A or protein overproduction was detected in 20.9 percent (568 of 
2714) of invasive carcinomas in 20 studies. TWehre studies have documented c- 
-*r&B& mRNA or protein overproduction in 15 percent (88 of 804) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of c-erbB*2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have oeriB-2 activation, as expected from die above 
data. Other variants of breast carcinoma with frequent oerfcB~2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget s disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erfcB~2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular Carcinoma (7 percent, 1 of 15). 

The c-erfeB-2 protein overreduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocardnoma in situ (68 percent, ~ — 
49 of 72). The roicropapillary type of ductal carcinoma in situ also tends to have 
c-eriB-2 activation, 40 ' 5 ** especially if larger cells are present. The.greater fre- 
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quency of protein oveiproduction In comedocarcinoma in situ, com- 

pared with infiltrating ductal carcinoma, could be explained by tho fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show cer6B-2 activation infrequently. Others have speculated 
L^T dn ° ma <D ^ ***** Ovatio n tendi to regress or to lose <s 
SrlB-Z Bcdvaaoa Airing progression to invasion.** "* lnfiltratg glmgB^{o~" 
components of ductal carcinoma, however, usually are similar with respect to c- 
*f*B~2 activation,^ although some authors have noted more heterogeneity of 
the immiinohistochemical staining pattern in invasive than in in situ card- 
noma>«w*» Activation of.c-erf>B-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the <s 
erb*-2 protein overproduction tends, to occur in the coroedocarcfooma in situ 
but may include other areas ofceardnoma in<*ittt.<wi» Overproduction ^ _ 
eriB-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate,* 

Activatiim of c^fcfr-2 has not been identified in benign breast lesions, 
mduding fibrocystic disease, fibroadenomas, and radial scan flbble $). Strong 
membrane imraunohistochemfcal reactivityfbr e*rfcB-2ha«not been described 
jn atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently.*** In normal breast tissue; c-erfrB-2 DNA is 
diploid, andcer6B-2isexpressedatlower levels 4an in activated tumors,«A»a 

These preliminary data suggest that c-erfeBr2 activation may not be useful 
for resolving many of the common problems in diagnostic surreal pathology. For 
example, c-er6B-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because cwjrbB-2 activation is unusual in atypical ductalhypeiplasia, 
cribriform carcinoma in situ, and papillary carciioiha in situ, detection of c^rfeB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
oerbB-2, are unlikely to be mistaken for those of benign lesfams. Activation of 
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ggggg ACTIVATION IN BENIGN HUMAN BREAST l|ggg 



ot- . . oeroWDNA c-«rt>B-3 mRNA c-e/iB-2 ProteJn 

Histological Diagnosis Amgfflggoiy Oveiproducflon Ovwproduotion 



Fibrocystic disease 
Atypical ductal hyperplasia 

Benlfln ductal hyperplasia 
Sclerosing adenosis 
Fibroadenomas 



0/1 0» 



o/ie»o/a ( w 
o/a*cvi<« 



Blum duct adenosis 
"Breast nrtaatoels* 



0/6,»0/3* 



0/3* 



2(weakV21* 

1(cytoptesmioyi3 a ' 

0712* 

0/4» 

ova^o/io,* 

0/Z2»' 



•Shown as number cJ cases wWi actfvailorwnjmber of cases stuped; reference Is given w a supefecrfpL 



u Q 



Mrt)B-Z ONCOGENE 173 



however, does fevor Infiltrating ductal carcinoma over toffltrattair 
lobular carcinoma. Further studies of to issues would be useful. 

5?u?^i n .? C T ertM ^Nation WHh Pathologic Prognostic Factors 
^ultiplo studies have attempted to co rrelate c-eriB-2 activation with various 
P^logHipTognoW£>oto« Cl'ablc- 3), Activation. at.*erbB£ was correlated - 
wlft lymph node, metastasis fa 8 of 28 series, widi higher histological grade fa 6 
ofl7 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erhB-2 activation fa most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic factors and may correlate withWbB-2 activation,** 

Correlation ot c-e/oD-a Activation WHh CllnlcaVPrognostlc Pacers - 

wuious studies have attempted also to correlate c-erfcB-2 activation with clinical 
matures that may predict a poor outcome (Table 4). Activation of e-er»B-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 8 of 18 series. In most studies, patient age 
did not correlate with c-wbB-2 activation, and, in the rest of the reports, e- 
eroB-2 activation was associated with either younger or older ages. 

Correlation of c-erhB.2 Activation With Patient Outcome 

Slamon et al*« first showed that amplification of the e-«rfcB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erfcB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al oho reported that c-sriB-2 amplification is an important prognostic indica- 
tor only fa patients with lymph node metastasis.™* 1 

A large number of subsequent studies also attempted to correlate c-erhB-2 
activation with prognosis CTable 5). In 12 series, there was a correlation be- 
tween cerhB-2 activation and tumor recurrence or decreased survival, hi five 
of these series, the predictive value of e-«rhB-2 activation was reported to be 
^dependent of other prognostic factor*4n contrast, 18 series did notconfinn 
the correlation of cerhB-2 activation with recurrence or survival. Pbur possible 
explanations for this controversy are discussed below. 

One problem Is that c-et*B-2 amplification , correlates with prognosis 
mainly inpatients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-erbB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarises the studies fa which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erfcB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erfcB-2 activation has prognostic value only fa patients 
with metastasis to lymph nodes. 



u 



O 



1 • 



176 



TP. SINGLETON AND J,Q. 8TWCKLEB 



Number ofPattonu 
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<&05 
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>ais 
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SI^hI?^ f^ 0 ^ ^^as may dilute the prognostic effect of c! 
SZ^SS^!* ^ * U!taH « mor * fc^dit^ most STaot^aSS 

Z7T VOrious rfek factors ** "*un-ence (such as W2o, S 

rT™,!L V P *** ductal cardnoma ^ °ne small study found 
no "sodahon between tumor recurrence and oerfcB-2 activation « 

corrl^wf°iT b £? ?"* of "Katdins whether the prognosis 
overproduction. Most studies that find a correlation between c^M3-2 acttva- 
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ind *^a«ent outcome measure c*riB-2 DNA amplification table S> 
3 SbSE* ^ ^ 85 ^ohistochennca! studies with ; Jf! 



SSS^ 8 " 2 ACUVat, ° n ^Oncogene, In 

The c~myc gene is often activated la breast carcinomas. buH.nL a**^ 

wne study found a correlation between increased mRNAs «»j _ 

rnyo, aJthongb other reports have not confb^edto^^ubt^nfrli 

more prognostic importance than c-erf>B-2. ™ , " in85 
The gene c-eriB-1 for the epidermal growth fector recentor mewm <. 

2d lS™5 . ^P 8, Wever '° CCTm more fiequentfythan amplification 
eroa*A and EGFR to the same tumor, oerbB-2 has a stnmaer corralaHr™ ^.n, - 

^ ZZ7T2f^ t / wlBW » descrlb « EGFR in breast carcinoma. Auo 
Thegenes c-er&Aand ear-1 are homologous to the thyroidhormoL 
tor. and they allocated adjacent KnfcrfcB* on ehrom^ome ^SE^ 

^ ^ * bre 1 St carclll0mas . however, is evidence against an imi>or- 
f" "?d fa breartn «»P^» Amplification of S2Z 
without ear-1 amplification, and these tumors have a decreased snJl™WW? 

™*B-2 amplification s eems to be more important man ampMcatmnowK 

Other genes also have been compared with c-er&B-2 activation in W«» 
^m» Onestudy&undaa^ 

n ^/t ^l^r 6 ? mRNAs ^ Platelet-derived growth factor ed A 
and Ki-r^ic AJIelie^eletion of c-Ha-r« may fodicatelWreTnroZSt 
Wcan^oma, U butithaSnotbeencom^ 

rtudies have suggested a correlation between advanced stage or wu^nTof 
hreast carcinoma and activation of any one of several oncogel ™ 
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ACTIVATION OF o-erftB-2 IN NON-MAMMARY TISSUES 

Jngttenca of Activation In Non-Mammary Tlesues 

Table 7 summarizes the normal tissues in which o-erfrB-2 expression has beea 
d etected, usu ally with immunohistochemical m ethods using polyclonal antt- 



TABLE7. PRESENCE OR ABSENCE OF O-eftB-2 mRNA OR c^tB>2 PROTEIN IN 
NORMAL HUMAN TISSUES ratfTtlN IN 



Tissues With 

wrtiB-2 Tissues Producing Tissues Lacking 
wiRHA c»art>MPro!ett* , o*rt>B-2mRNA 



Skin* 



Stomach^ 

Jejunum" 
Colon" 



LtVer» 



Lung* 



Fetal braW* 

Thymic 
Uterus" 



Placental 



Tissues Lae|dng 
Protein 



Epidermis" 
External root sheath^ 
Eootoa sweat gland* 
Fotal oral mucosa 8 * 
Petal esophagus* 
Stomach** . 



SmcD Intestine** 
CotoF-* 

Fetal kidneys Kidneys** 

Fetal proximal tubule* 
□total tubule* 
Fetal collecting duct* 
Fetal renal peMs» 
Fetal ureter* 
Hepatocytsa* 
Pancreatic aclnF* 
Pancreatic ducts** 
Endocrine cellar Islets 

otLangertwns* 
Fatal trachea* 
Rrtalbronchteles*— 
Bronchioles* 



Fetal ganglion cells* 



Ovary" 
Blood vessels* 



Postnatal oral mucosa* 
Postnatal esophagus* 



Glomerulus* 

Postnatal Bowman's capsule* 
Postnatal proximal tubule" 

Postnatal collecting dud* 
Postnatal renal pelvis* 
Postnatal fatal ureter* 
Uver** 



Pancreatto islets* 

Postnatal traces* 
Posmatai bronchioles* 

Postnatal alveott** 
Postnatal brain* 



EndotheHum* 

Admnocortlcaj cells* 
Postnatal thymus" 
Fibroblasts* 
Smooth muscle cefis* 
Caitiac muscle celte* 



Trite protein study used Western biota; iha rest used Immurwhtstochemteel metbCKie. 
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SLiS?!^ 5^ J"* Performed, and some of these da not 
d^onslxate convincing ceD membrane reactivity in the published photo- 
^ ^eibterpretetfon, in the* studio hc^ve* " JlSTS Z 

2?2 or Wot8 ' Jetton of c^r&B-2 has been identified fa nbn*d 

AmLST' ° a JT^ 2 ta various lum-mamnwy neoplasms 

, ^ ^Bton Became only small nimS7tux2 W 

^JTi W ^\^ OT f hfcto ^^ methods usfagpolyctonal an* 

^rfif^S" 1 ° f ^ ^ttfled fa 33 percent <64 of 2G3> of 

ZS^ 0 ^^^ 1 ^? 3 One al^t« stated that ova^ 

* n ^^^* more cnrrfclW potato than ovariTX 

carcinomas had <ser*B-2 oveiprodturtion without amplification. 
^^j"^ 011 °^°^ rfcB " 2 Identified fa 2a percent (40 of 198) of 

gastric adenocarcinomas in seven studies, Including 33 percent (21 of 64) 5 



TABLE a 



c-eriiM ACTIVATION IN HUMAN QYNBCOi&CaC TUMORS' 



"ntmorType 



©•oroB-2 DMA 
Ampjfficalkm 



0*rfrB-2 c-erfiB-2 
mRNA. Protein 
Ow. over* 

proffcKstton production 



Ovaiy^carelnoma, not otherwise 
specified 

Ovary-serous (papillary) carcinoma 

Ovary— mudnoua carcinoma 
Ovary— clear cell carcinoma 
Ovary— mixed epithelial carcinoma 
Ovaiy^endometrioW borderline lumor 
Ovary— mucinous borderline tumor 
Ovary— eeroua cyetadenoma 
Ovary— mucinous cyetadenoma 
Ovary-^aroslng stromal fumor 
Ovary— flbrothecoma 
Uterus— endometrial adenocarcinoma 



31/120,* 1/11* 

0/2» 
0/1" 

even 

0/1* 
<V4,« (VI 



2373* 
36/72« 
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tfon. One study found greater Immunohiatochemlcal reactivity fc™35 
ndng Bo^n s &^ Lesions with anaplastic features andpxpgrc^^S^T 

ZTil ^ against c^*i.2 hi onSSX 

some of these -positive" cases showed only diflose cytoplasmic st^^S 



-TABU a oaten* ACTIVATION T W HUMAN QMaonnBrnutf-n tu.^ 



Tumor Typa 
E&ophagus-eqiiamous eel carcinoma 



oert>MDNA 



Protein 
Over- 
production 



Stomach — adenocarcinoma 

^maeiv-oarcjnoma, Intestinal or tubular type 
Stomaoh-oaitrfnoma, diffuse or eigne! rfna cen typo 
ColDrectum—carcinoma 



Colon— villous adenoma 
Coteiv—tubutovlllous adenoma 
Cotorv-tubuter Adenoma 



2/24 « 
5/10*» 

2/49.« 1/46,*" 
1/45 # «M/45»*> ■ 
0/40 « 0/32,™ 0/3« 
0/1» 



Hepatocellular carcinoma — * - 
Hepatoblastoma 
Cholanglocaitfnoma 
Pancreaa— adenocarcinoma 
Pancreaa— acinar carcinoma 
Pancreas-dear eel) carctnoma 
Pancreas— targe cell carcinoma . 
Pancreas—signet ring carcinoma 
Pancreaa^chi;onlc Inflammation 



on- 
0/1* 



an" 

4/27>a/10«* 
16/54» 
1/22 » 7/8** 



13/19** 
0/1" 

12/14?»ti72*i 
46/63» 

0/2* 



^assuperecrtpt A!) protak, studies ^Imnnmohlstoch^oal mettad* No tin** e« 
b TTssues toed In Bouto* toiutJon, 

Jesses with <Mrua membrane staining are Interpreted tt showing o«rf>&* werproductksa 
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TABLE 10. oerbB-2 ACTIVATION IN HUMAN PULMONARY TUMORS 0 



Tumor Typo 



»er*B-3DNA 
Amplification 



Norwman c©a carcinoma 
EpWeimotd carcinoma — 
A«tenocai*pma* 

Smal ceQ carcinoma 
CarcJnoWiumof 



*croM 
Protein 
Overproduction 



: ~Wt&*XgWprfSB* 

0/21,* 1/13^» 077,™ 0F7f* Oft)"* 

on* 



1/B4? 

a/5" 



not todicate c-er&B-2 activation in breast neoplasms" Also, 5ome pancr*. 
atto cardnomas and chronic pancreatitis tissue had cytopla^iimnuS^ 
±^ < ^^ «?M protein, in addition toX^c^Trfpa^ 
atic a^nocaitdnoma with distinct cell membrane staining." ' 

S^"^^ 5Ummarize the of c*r&B* activation in other 
iSS! ?" tf^ 2 tolK * actfvate d in most of these tanT 

W^^o^ 011188 ta aithongh oiie additional reS 

™ E^S"!^ 41 pen^eTfr of 17). Renal ceS- 

Z^^^* ^ percent {2 of 30) in four studies, OverpiSS 

Snl^Sf 2 ^ ** ° ne tnmiWDiU cell carcm3£ 

c^S^ ,eSl0n ' tt S * uamous ^cardnomaandW 

cell carcinoma of the skin may contain protein, bnt it Is not clear 

TABUM1. c-gfb&«2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS 9 



tumor Type 



-~ oeroM DNA 
Amplification 



Hemalototfc mallfipiancles 

Maflgnam lymphoma 

Acuta feukemla 

Acute lymphoblastic leukemia 

Acuta myeloblasts leukemia 

Chronic leukemia 

Chronic lymphocytlo leukemia 

Chronic myelogenous leukemia 

Myeloproliferative disorder 



Ow£ 
production 



c-ert)W 
Protein 
"OvaN 
production 



<yi»w 

o/e'«. 



Q711 



<V1B« 
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TABLE 12. ^ri»B-3ACnVAT10W>NHUWANTUM0RS OP SOFT TISSUE AND 



BON* 




Pleomofphfeearooma Qfliw 

Oateogcmto sarcoma ' o/2,w^r 

Chondrosarconui <yji» 
EMntfii sarcoma 

Schw annoma o/i«* 



^r^ 0 !^^ 8 " 2 ActlVat,on W,th Outcome 
Very few studies have attempted to correlate c-«reB-2 activation in 
mammary tumors with outcome. Slamonet^ 5 Wd S^SrJ 1 nhZ' 
^ overe^pression in ovarii csuxdnomas correCS ^edsmSj 
^cl^ywhen marked activation is present However, they did^otrepSme 

study of stages HI and IV ovarian carcinomas found a correlation betwJn 

dn^^i n ^S^? 6 - 0,10 a ^ 5tra ° t mted ^ ^ AB - 2 protelnoverpro- 
dnction in 10 of 18 pulmonary adenocarcinomas correlated with deo^J. 
dbease^eintervaL™^^ 

TABUS 13. 



Tumor Type 

KWney— renal cell carcinoma 
Wilms' tumor 

Prostata— adenocarcinoma 
Urinary Waddar— <sarclrjoma 



oorbB-2 DMA 
AmpRflcaiton 

1/6.W 1/4,»t 0/5" 



RtRNA 
production 



e*roB-2 
Protein . 
Over- 
production 



0/23» 
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TABLE 14 M/2>B-a ACT1VAT10M IN MISCELLANEOUS HUMAN TUMORS 8 



TVmorTypt 



***** 
DMA 

Amplication 



Protein . 
c*rt>B-2mRNA Ovar* 
Overproduction production 



SWr* head and nock— squamous ot»» 
. eel carcinoma 

SB* not BtetBd^quamout eel 
ca^tfnoma 



W0» . 



Parotid gland-adonoW cyatfe 
carcinoma 



0*» 



OA' 

(MP 
0/1" 

<V2i 
<V2* 



aOowteveJsysi 



""vro^paplBary carcinoma 
Thyroid— adenocarcinoma 

NwrdWaaloma 
Manlntfoma 



i carcinomas arid 



SUMMARY 

nm^T^ 46 < *T* W oncogene can occur by amplification of c-eriB-2 

Sl^J^t * *?* Pn)gn0d3 »«» Paticab with metotofaJo 

Wph nodes. Studies that have attempted to correlate e^55l£ 
tion with other prognostic factors in breast carcinoma have reported confiSh^ 
conclusions The pathologic and clinical significance TcteXa^SSfa 
other neoplasms is unclear and should be aSessed by ^nd 
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